Technology Gaps and Research Priorities to Support the EU Maritime Transport Policy  by M., Boile. et al.
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  2433 – 2443 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012 
doi: 10.1016/j.sbspro.2012.06.1214 
7UDQVSRUW5HVHDUFK$UHQD±(XURSH
7HFKQRORJ\*DSVDQG5HVHDUFK3ULRULWLHVWR6XSSRUWWKH(8
0DULWLPH7UDQVSRUW3ROLF\
'U%RLOH0D(XU,QJ'U0RUUDOO7E'U,QJ5RODQG)F6GRXNRSRXORV/G
D5HVHDUFK'LUHFWRU+HOOHQLF,QVWLWXWHRI7UDQVSRUW$5.$7EXLOGLQJ0HVRJHLRQ$YHQXH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G5HVHDUFK$VVRFLDWH+HOOHQLF,QVWLWXWHRI7UDQVSRUW$5.$7EXLOGLQJ0HVRJHLRQ$YHQXH$WKHQV*UHHFH
$EVWUDFW
7KLV SDSHU DGGUHVVHV WKH QHHG IRU D IXWXUH (8 PDULWLPH WUDQVSRUW SROLF\ E\ SURYLGLQJ UREXVW
UHFRPPHQGDWLRQVIRUIXWXUHUHVHDUFKSULRULWLHV$IRXUVWDJHDSSURDFKZDVDGRSWHGDQLQLWLDODQDO\VLVRI
WKH GULYHUV RI PDULWLPH WUDQVSRUW UHVHDUFK SULPDU\ HJ JOREDO FKDOOHQJHV DQG VRFLHWDO QHHGV DQG
VHFRQGDU\ RQHV HJ OHJLVODWLRQ DQG (XURSHDQ SROLFLHV DQ DVVHVVPHQW RI FXUUHQW PDULWLPH WUDQVSRUW
UHVHDUFKSULRULWLHVOHDGLQJWRLGHQWLILFDWLRQRIIXWXUHUHVHDUFKREMHFWLYHV$WHFKQRORJ\JDSDQDO\VLVWKHQ
PDSSHG RXW DQ DJHQGD IRU IXWXUH (8PDULWLPH WUDQVSRUW UHVHDUFK QHHGV PDNLQJ XVH RI WKH UHVXOWV RI
PDULWLPHWUDQVSRUWUHVHDUFKSURMHFWVFRIXQGHGE\WKH(&'*5HVHDUFKDQG,QQRYDWLRQ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGVPDULWLPHWUDQVSRUWSROLF\GHFLVLRQVXSSRUW
,QWURGXFWLRQ
7KHLPSRUWDQFHRIPDULWLPHWUDQVSRUWWRZDUGVWKHHFRQRPLFJURZWKDQGSURVSHULW\RI(XURSHKDVEHHQ
ZLGHO\DFNQRZOHGJHG WKURXJKRXW LWV ORQJKLVWRU\FRQWULEXWLQJ WRD ODUJHH[WHQW WR WKHGHYHORSPHQWRID
KLJKO\ FRPSHWLWLYH (XURSHDQ LQGXVWU\ DEOH WR FRQIURQW WKH YDULRXV FKDOOHQJHV LPSRVHG E\ WKH JOREDO
PDUNHW:LWK RYHU  RI ZRUOG WUDGH EHLQJ FDUULHG E\ VHD DQG  RI WKH ZRUOG¶V WRWDO IOHHW EHLQJ
RZQHG E\ (XURSHDQ FRPSDQLHV WKH UROH RI (XURSH LQ WRGD\¶V VKLSSLQJ ZRUOG DQG LQWHUQDWLRQDO WUDGH
SURYHVWREHYLWDO(XURSHDQ&RPPLVVLRQ
2YHUWKHODVWGHFDGHWKHUHKDVEHHQDQLQFUHDVLQJGHPDQGIRUPDULWLPHWUDQVSRUWVHUYLFHVDVDGLUHFW
RXWFRPHRIWKHFRQWLQXRXVJURZWKRIWKHZRUOGHFRQRP\DQGLQWHUQDWLRQDOWUDGH7RDGGUHVVWKLVGHPDQG

&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVV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WKH(XURSHDQ&RPPLVVLRQ (&KDVEHHQFRQVLVWHQWO\SURYLGLQJVXSSRUWE\ VHWWLQJDSROLF\ IUDPHZRUN
DQG GHYHORSLQJ D VHULHV RI DFWLRQV IRFXVLQJ RQ WKH GHYHORSPHQW RI UHVHDUFK DFWLYLWLHV PDLQO\ WKURXJK
LQLWLDWLYHVVXFKDVWKH(8)UDPHZRUN3URJUDPPHV)3V+RZHYHUDWWKHHQGRIWKHLPSDFWRIWKH
ILQDQFLDOFULVLVRQWKHZRUOGHFRQRP\ZDVDOVRVLJQLILFDQWRQWKHPDULWLPHWUDQVSRUWVHFWRUHQIRUFLQJWKH
QHHG IRU DQ DSSURSULDWH IXWXUH PDULWLPH WUDQVSRUW SROLF\ 7KLV ZRXOG WKHQ HQVXUH WKH FRQWLQXRXV
SHUIRUPDQFH RI WKH (8 PDULWLPH WUDQVSRUW V\VWHP WKXV UHWDLQLQJ (XURSH DV D FRUH KXPDQ DQG
WHFKQRORJLFDO NQRZKRZ VHUYLQJ WKH VXVWDLQDELOLW\ DQG FRPSHWLWLYHQHVV RI FXUUHQW DQG IXWXUH VKLSSLQJ
RSHUDWLRQV
7KH VFRSH RI WKLV SDSHU DGGUHVVHV WKH DERYH QHHG E\ SURYLGLQJ UREXVW UHFRPPHQGDWLRQV IRU IXWXUH
PDULWLPHWUDQVSRUWUHVHDUFKSULRULWLHVIROORZLQJDIRXUVWDJHDSSURDFK7RWKLVHQGDQLQLWLDODQDO\VLVRI
WKHGULYHUVRIPDULWLPHUHVHDUFK LVSHUIRUPHGFDWHJRUL]LQJ WKHPDVSULPDU\HJJOREDOFKDOOHQJHVDQG
VRFLHWDOQHHGVDQGVHFRQGDU\RQHVHJDFFLGHQWVDQGVDIHW\OHJLVODWLRQ(XURSHDQSROLFLHV7KHUHDIWHU
WKHFXUUHQWPDULWLPH WUDQVSRUW UHVHDUFKSULRULWLHVDQGQHHGVDUHDVVHVVHG OHDGLQJ WR WKH LGHQWLILFDWLRQRI
WKHIXWXUHUHVHDUFKREMHFWLYHV7KHREMHFWLYHVLGHQWLILHGDORQJZLWKDGHWDLOHGDQDO\VLVDQGFOXVWHULQJRI
WKHWHFKQRORJLFDOUHVXOWVRIPDULWLPHWUDQVSRUWUHVHDUFKSURMHFWVFRIXQGHGE\WKH(&'*5HVHDUFKDQG
,QQRYDWLRQRYHUWKHODVWGHFDGHVHWWKHEDVLVIRUDWHFKQRORJ\JDSDQDO\VLVXQGHUWDNHQE\LQGXVWU\H[SHUWV
7KLV KDG WKH REMHFWLYH WRPDS RXW IRU WKH (XURSHDQ8QLRQ DQ DJHQGD RI IXWXUH GLUHFWLRQV DQG QHHGV
UHJDUGLQJPDULWLPHWUDQVSRUWUHVHDUFK
7KHGULYHUVRI0DULWLPH5HVHDUFK
*OREDOFKDOOHQJHVDQGVRFLHWDOQHHGVSURYHWREHWKHSULPDU\GULYHUVIRUVWUDWHJLFUHVHDUFK+RZHYHUD
QXPEHURIVHFRQGDU\GULYHUVVXFKDVDFFLGHQWVDQGVDIHW\DWVHDORFDOSROLF\SULRULWLHVDVZHOODVPDUNHW
GHYHORSPHQWV DOVR SOD\ D VLJQLILFDQW UROH LQ VHWWLQJ WKH UHVHDUFK DJHQGD 0DULWLPH 3ROLF\ 6XSSRUW
0$5326FRQVRUWLXP
3ULPDU\GULYHUV
7KHSULPDU\GULYHUVIRUPDULWLPHWUDQVSRUWUHVHDUFKLQ(XURSHFRQVLVWPDLQO\RIJOREDOFKDOOHQJHVDQG
VRFLHWDOQHHGVZKHUHWKHDVSHFWVRIFRPSHWLWLYHQHVVWKHHQYLURQPHQWDQGVDIHW\DUHLQWHJUDWHGDQGWDNHQ
WRDODUJHH[WHQWLQWRFRQVLGHUDWLRQ
7KHPRVWLPSRUWDQWJOREDOFKDOOHQJHVWKDWGULYHPDULWLPHWUDQVSRUWUHVHDUFKFDQEHVXPPDUL]HGWRWKH
IROORZLQJ L JOREDO ZDUPLQJ DQG FOLPDWH FKDQJH LL VXVWDLQDEOH HFRV\VWHPV DQG ELRGLYHUVLW\ LLL
VKRUWDJH DQG LQFUHDVLQJ GHPDQG RI JOREDO UHVRXUFHV LQFOXGLQJ HQHUJ\ DQG LY JOREDOL]DWLRQ RI WKH
HFRQRP\7KUHHW\SHVRIUHVHDUFKFDQEHLGHQWLILHGUHVSRQGLQJWRWKHVHFKDOOHQJHV
x 5HVHDUFKWRXQGHUVWDQGWKHQDWXUHRIJOREDOFKDOOHQJHVDQGWRLGHQWLI\WKHPHFKDQLVPVWRSURSHUO\
UHDFWRQWKHPZLWKRXWFUHDWLQJQHZSUREOHPVDQGFKDOOHQJHV
x 5HVHDUFKWRGHYHORSDQGLPSOHPHQWWKHSURSHUPHFKDQLVPVOHJLVODWLRQWD[HWFWRVWLPXODWHUHDFWLRQ
RQJOREDOFKDOOHQJHV
x 5HVHDUFKRQWHFKQRORJLHVWRFRXQWHUDFWJOREDOWKUHDWVDQGFKDOOHQJHV
7KH VRFLHWDO QHHGV UHSUHVHQW WKH GHPDQG RI WKH VRFLHW\ IRU JRRGV DQG VHUYLFHV ZKLFK ZLOO HQVXUH
SURWHFWLRQDQGLPSURYHPHQWRIWKHTXDOLW\RIOLIH7KHPRVWLPSRUWDQWVRFLHWDOQHHGVUHJDUGLQJPDULWLPH
WUDQVSRUWUHVHDUFKDUH
x 6XVWDLQDEOHDQGFRPSHWLWLYHWUDQVSRUWLQIUDVWUXFWXUHDQGRSHUDWLRQVWRVHFXUHH[WHUQDOWUDGHDVZHOODV
WKHPRELOLW\RISHRSOHDQGJRRGVZLWKLQ(XURSH
x 6DIHW\DQGVHFXULW\RI(XURSHDQFLWL]HQVWRHQVXUHKHDOWKDQGZHOOEHLQJ
x &RPSHWLWLYHQHVVRIWKH(XURSHDQLQGXVWU\WRHQVXUHHFRQRPLFJURZWK
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x 4XDOLW\RIOLIHRI(XURSHDQFLWL]HQVLQFOXGLQJVDWLVI\LQJMREVKXPDQZRUNLQJHQYLURQPHQWVOHLVXUH
RSSRUWXQLWLHVIRUDOOFLWL]HQVZKLOHDOVRFRQVLGHULQJWKHHYHULQFUHDVLQJDJLQJSRSXODWLRQ

6HFRQGDU\GULYHUV
$ORQJZLWKWKHVWUDWHJLFREMHFWLYHVSUHVHQWHGDERYHWKHUHDUHVHYHUDOVHFRQGDU\GULYHUVZLWKDGLUHFW
LPSDFWRQ(XURSHDQPDULWLPHWUDQVSRUWUHVHDUFK
6DIHW\ DQG WKH SUHYHQWLRQ RI DFFLGHQWV DW VHD DUH VXFK VHFRQGDU\ GULYHUV :KLOH D FRPSUHKHQVLYH
VWUDWHJLF UHVHDUFKDJHQGDVKRXOGEHDEOH WR IRUHVHHDQGSURDFWLYHO\ UHDFW WRSRWHQWLDO WKUHDWV LW VKRXOG
DOVREHDEOHWRTXLFNO\UHDFWWRQHZWKUHDWVDQGFKDOOHQJHVVXFKDVWKH(5,.$DQG35(67,*(LQFLGHQWV
EHLQJW\SLFDOH[DPSOHVWULJJHULQJIXUWKHUUHVHDUFKRQRLOVSLOOUHPRYDODQGVWUXFWXUDOLQWHJULW\$OWKRXJK
PDULWLPHRSHUDWLRQVKDYHEHFRPHPXFKVDIHU WKHPDULWLPH LQGXVWU\ VWLOO IDFHVSUHVVXUHV WR LPSURYH LWV
SHUIRUPDQFHZLWK³]HURWROHUDQFH´EHLQJLWVIXWXUHFKDOOHQJHWRDFKLHYH
/HJLVODWLRQ DOVR SURYHV WR EH DQ LPSRUWDQW VHFRQGDU\ UHVHDUFK GULYHU 7KH UXOHV DQG UHJXODWLRQV
JRYHUQLQJWKHPDULWLPHWUDQVSRUWVHFWRUDUHLVVXHGPDLQO\IURPWKHIROORZLQJDXWKRULWLHV
x ,02,QWHUQDWLRQDO0DULWLPH2UJDQL]DWLRQ5HJXODWLRQVDQG5HVROXWLRQV
x ,/2,QWHUQDWLRQDO/DERU2UJDQL]DWLRQ/HJLVODWLRQ
x &ODVVLILFDWLRQ6RFLHW\5XOHV
)XUWKHUPRUHWKH(XURSHDQ8QLRQKDVLQWURGXFHGDVHULHVRISROLF\LQLWLDWLYHVZLWKDGLUHFWLPSDFWRQ
PDULWLPHUHVHDUFKWKHPRVWLPSRUWDQWRQHVEHLQJWKH:KLWH3DSHURQ7UDQVSRUWWKH&RPPLVVLRQ¶V
(XURSHDQ6WUDWHJ\IRU0DULQHDQG0DULWLPH5HVHDUFKWKH,QWHJUDWHG0DULWLPH3ROLF\IRUWKH(8
WKH(QHUJ\IURP5HQHZDEOH6RXUFHV'LUHFWLYHHWF+RZHYHUQDWLRQDODQGUHJLRQDOSROLF\
SULRULWLHVPD\YDU\GXHWRGLIIHUHQWHFRQRPLFDQGLQGXVWULDOFRQGLWLRQVDVZHOODVVRFLHWDOQHHGVOHDGLQJ
WRDFHUWDLQIUDJPHQWDWLRQRIPDULWLPHUHVHDUFKDQGVRPHWLPHVGXSOLFDWLRQRIUHVHDUFKHIIRUWV7RDGGUHVV
WKLVLVVXHDQGRSWLPL]HWKHXVHRISXEOLFIXQGLQJWKH(8LVVXSSRUWLQJWKHFRRUGLQDWLRQDQGFRRSHUDWLRQRI
WKHQDWLRQDODQGUHJLRQDOSURJUDPPHVWKURXJKWKH(5$1(7VFKHPH
5HVHDUFKSULRULWLHVDQGQHHGVLQ0DULWLPH7UDQVSRUW
7KH DQDO\VLV RI WKHPDULWLPH WUDQVSRUW UHVHDUFK GULYHUV DV GHVFULEHG DERYH LQ DFFRUGDQFHZLWK WKH
:$7(5%251(73 6WUDWHJLF 5HVHDUFK $JHQGD DQG WKH UHVHDUFK SULRULWLHV RI WZR  RWKHU QRWHZRUWK\
(XURSHDQ LQLWLDWLYHVGHILQLQJ WKHPDULWLPH UHVHDUFKDJHQGD LH0$57(&,,DQG6856+,3HQDEOHGDQ
LQLWLDOLGHQWLILFDWLRQRIUHVHDUFKSULRULWLHVDQGQHHGVLQWKHPDULWLPHWUDQVSRUWVHFWRUDVQRWHGLQ7DEOH

7DEOH)XWXUHUHVHDUFKREMHFWLYHVEDVHGRQ:$7(5%251(730$57(&,,DQG6856+,3

&RPSHWLWLYHQHVV0HHWLQJ(XURSH¶VWUDQVSRUWGHPDQGRIWKHIXWXUH
x 6HFXUHWKHWUDQVSRUWRI(XURSHDQLPSRUWVDQGH[SRUWVLQDJOREDOPDUNHW
x (QVXUHPRELOLW\RISHRSOHDQGJRRGVWRVDWLVI\LQFUHDVLQJWUDQVSRUWGHPDQG
x 6XSSRUWPRGDOVKLIWWRZDWHUERUQHWUDQVSRUWDVDQHFRQRPLFDQGHQYLURQPHQWDOO\IULHQGO\WUDQVSRUWPRGHE\LQFUHDVLQJ
WKHYROXPHRIVKRUWVHDDQGLQODQGZDWHUZD\VKLSSLQJE\DWOHDVW
x ,QFUHDVHWKHSURGXFWLYLW\DQGUHGXFHFRQVWUXFWLRQFRVWRIWKH(XURSHDQVKLSEXLOGLQJVHFWRULQFRPSOH[VKLSVE\
x (QVXUHFRPSHWLWLYHQHVVRIPDULWLPHWUDQVSRUWDQGRIIVKRUHVHUYLFHVDWJOREDOVFDOH
x 5HGXFHWLPHWRPDUNHWRILQQRYDWLYHSURGXFWVWKURXJKSURFHVVWHFKQRORJLHVE\
(QHUJ\6HFXULQJ(XURSH¶VGHPDQGIRUHQHUJ\DQGUHVRXUFHVLQWKHIXWXUH
x )DFLOLWDWHWKHH[SORLWDWLRQRIQHZHQHUJ\VRXUFHVDQGUHVRXUFHVIURPWKHRFHDQV
x 6XSSRUWWKHHIILFLHQWDQGVXVWDLQDEOHXVHRIHQHUJ\DQGUHVRXUFHV
x ,QFUHDVHWKHRYHUDOOHQHUJ\HIILFLHQF\DQGRIVKLSVE\DWOHDVW
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x ,QFUHDVH WKHVKDUHRIPDULQHUHQHZDEOHHQHUJ\E\
(QYLURQPHQW5HGXFLQJPDULWLPHHPLVVLRQVDQGWKHHQYLURQPHQWDOIRRWSULQWRIPDULWLPHRSHUDWLRQVWRFRXQWHUDFWFOLPDWH
FKDQJH
x ,QFUHDVHWKHVKDUHRIHQYLURQPHQWDOO\IULHQGO\JDVDQGUHQHZDEOHHQHUJLHVLQVKLSVE\DWOHDVW
x 5HGXFHWKHDPRXQWRI*+*HPLVVLRQVE\VKLSVE\DWOHDVW
x 5HGXFHWKHPDULWLPHSROOXWLRQFDXVHGE\DFFLGHQWVDQGRSHUDWLRQE\
+XPDQIDFWRUV6XVWDLQDEOHKXPDQUHVRXUFHVDQGTXDOLW\RIOLIHIRU(XURSHDQFLWL]HQV
x ,PSURYHZRUNLQJFRQGLWLRQV
x (QVXUHNQRZOHGJHEXLOGLQJVSUHDGLQJDQGDSSOLFDWLRQLQWKHPDULWLPHVHFWRU
x ,PSURYHSDVVHQJHUFRPIRUWDVZHOODVOHLVXUHRSSRUWXQLWLHVIRU(XURSHDQFLWL]HQV
x &RSHZLWKWKHGHPDQGRIHOGHUO\SDVVHQJHUV
6DIHW\	6HFXULW\(QVXULQJPDULWLPHVDIHW\	VHFXULW\
x 5HGXFHWKHULVNRIIDWDODFFLGHQWVLQPDULWLPHRSHUDWLRQVE\DWOHDVWDLPLQJWRDFKLHYHLQWKHORQJHUWHUPD³2´
DFFLGHQWWDUJHW

7KH SURFHVV GHVFULEHG DERYH WUDQVODWHG JOREDO DQG VRFLHWDO QHHGV LQWR PDULWLPH WUDQVSRUW UHVHDUFK
REMHFWLYHV LQ D V\VWHPDWLF ZD\ 7KH FODVVLILFDWLRQ DQG LGHQWLILFDWLRQ RI WKH UHVHDUFK REMHFWLYHV ZDV
VWUXFWXUHG DURXQG ILYH  NH\ LVVXHV RI PDULWLPH WUDQVSRUW UHVHDUFK QDPHO\ FRPSHWLWLYHQHVV DQG
FKDOOHQJHVUHODWHGWRHQHUJ\WKHHQYLURQPHQWKXPDQDVSHFWVDQGVDIHW\	VHFXULW\
0DULWLPH7UDQVSRUW5HVHDUFKSULRULWLHVDQGUHVXOWVRIWKHWKWKDQGWK)3
7KH H[WHQW WR ZKLFK PDULWLPH WUDQVSRUW UHVHDUFK KDV DGGUHVVHG RYHU WKH ODVW GHFDGH WKH DERYH
UHVHDUFKQHHGVZDVDVVHVVHGWKURXJKDQDQDO\VLVRIPDULWLPHWUDQVSRUWUHVHDUFKSURMHFWVFRILQDQFHG
E\WKH(&'*5HVHDUFKDQG,QQRYDWLRQXQGHUWKHSDVWWKDQGWKDVZHOODVWKHRQJRLQJWKXSWRWKHWK
&DOO(8)UDPHZRUN3URJUDPPH)RUHDFKSURMHFW WKHDQDO\VLV IRFXVHGRQ WKH UHVHDUFKSULRULWLHV WKH\
DGGUHVVHGDQGWKHRXWFRPHVWKH\SURGXFHGHPSKDVL]LQJSDUWLFXODUO\RQWHFKQRORJLFDOGHYHORSPHQWV
0DULWLPH7UDQVSRUW5HVHDUFKSULRULWLHV
7KH UHVHDUFK SULRULWLHV WKDW ZHUH VHW RQ WKH WK WK DQG WK )UDPHZRUN 3URJUDPPH UHJDUGLQJ WKH
PDULWLPHWUDQVSRUWVHFWRUDUHVXPPDUL]HGLQWKHIROORZLQJWDEOH(&(&(&
7DEOH0DULWLPH7UDQVSRUW5HVHDUFKSULRULWLHVVHWRQWKHWKWKDQGWK)UDPHZRUN3URJUDPPH
)3 )3 )3
5HGXFWLRQRI&2HPLVVLRQVE\
EHWZHHQFRPSDUHGWRWKH
OHYHORI


VXEVWLWXWLRQRIIRVVLOIXHODQG
GHYHORSPHQWRIWHFKQRORJLFDOVROXWLRQVWR
UHDFKWKH*+*HPLVVLRQVGHILQHGLQWKH
.\RWRDJUHHPHQWDQG(XUR9


5HGXFH*+*HPLVVLRQVE\
XQWLODQGE\XQWLO
FRPSDUHGWRWKHOHYHORI

,QFUHDVHRIWKHVKDUHRIUHQHZDEOH
HQHUJ\IXHOVLQWUDQVSRUWE\XQWLO


5HGXFHQRLVHHPLVVLRQVIURPWUDQVSRUW
5HGXFWLRQRIWLPHWRPDUNHWRI
LQQRYDWLYHPDULWLPHSURGXFWVE\
WKURXJKLPSURYHGGHVLJQDQGSURGXFWLRQ
SURFHVVHV
5HGXFWLRQRISURGXFWLRQOHDGWLPHE\
ZKLOHLPSURYLQJWKHHQYLURQPHQWDO
IULHQGOLQHVVRISURGXFWLRQDQGSURGXFW
TXDOLW\

,QFUHDVHGHIILFLHQF\DQGUHGXFWLRQRI
RSHUDWLQJFRVWVE\
5HGXFWLRQRISURGXFWLRQFRVWE\ 0DLQWDLQWKH(XURSHDQVKDUHRIXOWUD
ODUJHFUXLVHVKLSSURGXFWLRQ
 ,QFUHDVHWKHVDIHW\RIWUDQVSRUWUHGXFHWKH
QXPEHURIIDWDOLWLHVE\XQWLO
,PSURYHVDIHW\OHYHOVIRUWUDQVSRUW
V\VWHPFRPELQHGZLWKDWOHDVWD
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LQFUHDVHWUDQVSRUWFDSDFLW\E\ QHXWUDOLPSDFWRQWKHHQYLURQPHQW
5HGXFWLRQRIWLPHWRPDUNHWDQGFRVWV
E\IRUWKHGHYHORSPHQWRIYHKLFOH
YHVVHOFRQFHSWVDQGPDLQLQIUDVWUXFWXUH
FRPSRQHQWV
5HPRYHWUDQVSRUWIURPURDGWRPRUH
HQYLURQPHQWDOO\PHDQVRIWUDQVSRUW
LQFOXGLQJVKRUWVHDVKLSSLQJQRVSHFLILF
WDUJHWVJLYHQIRUPDULWLPH

'HYHORSLQQRYDWLYHWUDQVSRUWV\VWHPV
ZLWKKLJKHUDWWUDFWLYHQHVVHIILFLHQF\
DQGHQYLURQPHQWDOIULHQGOLQHVV
,PSURYHPHQWVLQYHKLFOHYHVVHOTXDOLW\
DQGUHOLDELOLW\E\
2SWLPL]HORJLVWLFVFKDLQVDQGLQ
SDUWLFXODUGRRUWRGRRUWUDQVSRUW

7KH DERYH WDEOH LQGLFDWHV D FHUWDLQ FRQWLQXLW\ RI WKH REMHFWLYHV DQG GULYHUV IRU PDULWLPH WUDQVSRUW
UHVHDUFKWKURXJKRXWWKHODVWWKUHH)3VHYHQLIWKHVSHFLILFWRSLFVDQGWDUJHWVFKDQJHGRYHUWLPHIRFXVLQJ
RQWKHWUDQVSRUWWHFKQRORJ\PHDQVLQWKHHDUO\)3WRWKHHVWDEOLVKPHQWRIWKH(XURSHDQ5HVHDUFK$UHD
(5$LQWKHODWHVW)37KLVFRQWLQXLW\PDLQO\FRQFHUQVLVWUHQJWKHQLQJWKHFRPSHWLWLYHQHVVRIWKH(8
PDULWLPH WUDQVSRUW LQGXVWU\ E\ LPSURYLQJ VKLS SURGXFWLRQ DQG RSHUDWLRQ LL PLQLPL]LQJ HQHUJ\
FRQVXPSWLRQ LLL UHGXFLQJ WKHHQYLURQPHQWDO LPSDFWRIPDULWLPH WUDQVSRUW LYH[DPLQLQJKXPDQDQG
EHKDYLRUDODVSHFWVDQGYLQFUHDVLQJZDWHUERUQHWUDQVSRUWVDIHW\
0DULWLPH7UDQVSRUW5HVHDUFKUHVXOWV
7RIRUPWKHEDVLV IRUSHUIRUPLQJD WHFKQRORJ\JDSDQDO\VLVZLWK WKHREMHFWLYH WR LGHQWLI\ WKH ILHOGV
ZLWKLQPDULWLPH WUDQVSRUW ZKHUH IXUWKHU UHVHDUFK LV QHHGHG D GHWDLOHG DVVHVVPHQW RI WKH WHFKQRORJLFDO
GHYHORSPHQWVRISUHYLRXVDQGRQJRLQJ(8PDULWLPHWUDQVSRUWUHVHDUFKSURMHFWVZDVXQGHUWDNHQ
:LWK UHJDUG WR WKH PDLQ ILYH  PDULWLPH WUDQVSRUW UHVHDUFK WKHPHV DQG WKHLU WHFKQRORJLFDO
GHYHORSPHQWV WKH  PDULWLPH WUDQVSRUW UHVHDUFK SURMHFWV ZHUH DQDO\]HG DQG FODVVLILHG LQWR
WHFKQRORJLFDOFOXVWHUVUHSUHVHQWLQJFHUWDLQDUHDVRIWHFKQRORJ\JURXSLQJWRJHWKHUSURMHFWVZLWKRXWFRPHV
RI VLPLODU WHFKQLFDO FRQWHQW DV LQGLFDWHG LQ WKH WDEOH EHORZ 7DEOH  0DULWLPH 3ROLF\ 6XSSRUW
0$5326FRQVRUWLXP
7DEOH7HFKQLFDOFOXVWHUVDQGVXEFOXVWHUVRIPDULWLPHWUDQVSRUWUHVHDUFKRXWFRPHVUHJDUGLQJWKHILYHPDULWLPHWUDQVSRUW
UHVHDUFKWKHPHV
7HFKQLFDOFOXVWHUVDQGVXE
FOXVWHUV
5HVHDUFK2XWFRPHV

&RPSHWLWLYH6+,33,1*
,QQRYDWLYHVKLS
FRQFHSWV
1RYHOFDUJRFDUU\LQJFRQFHSW IRU ULYHUVHD WUDQVSRUW  VKLSFRQVLVWLQJRID VKLSSODWIRUPDQGFDUJR
FRQWDLQLQJ PRGXOH  LQQRYDWLYH FDUJR YHVVHOV LQ WHUPV RI HTXLSPHQW SURSXOVLRQ VWUXFWXUH
PDLQWHQDQFH DQG RSHUDWLRQ  QHZ ORJLVWLFDO DQG YHVVHO FRQFHSW ZLWK RSWLPL]HG SHUIRUPDQFH RQ
K\GURG\QDPLFVDQGIXHOHFRQRP\
&2
0
3(
7,
7,
9(
1(
66

6KLSSLQJRSHUDWLRQV
DQGH0DULWLPH
,PSURYHPHQWRIWKHLVVXHVDVKLSRSHUDWRUFRQIURQWVVKLSLWVHOIRSHUDWLRQVHTXLSPHQWHPHUJHQFLHV
HWF
6KLSVKRUHLQWHUIDFHV
DQGSRUWHIILFLHQF\
0RGLILFDWLRQV DGDSWDWLRQV RI WKH H[LVWLQJ VKLSWHUPLQDO WHFKQRORJLHV  DXWRPDWLF XQORDGLQJ
WHFKQLTXHV IRU +LJK 6SHHG &UDIWV  LPSURYHPHQW RI WKH LQWHUIDFH RI /1* VKLSV DQG WHUPLQDO
LQIUDVWUXFWXUHVVDIHDQGTXLFNPDQHXYHULQJRIVKLSVLQVLGHWKHSRUWVDIWHUWUHDWPHQWWHFKQRORJLHVWR
UHGXFHHPLVVLRQVDQGWLPHLQQRYDWLYHRIIVKRUHIORDWLQJVWRUDJHWHUPLQDOIRULPSRUWLQJ/1*VSOLW
WHUPLQDOFRQFHSW
&RPSHWLWLYH6+,3'(6,*1
'HVLJQWRROVIRU
VWUXFWXUDOUHOLDELOLW\
,PSURYHG UHILQHG VKDSH RSWLPL]DWLRQ  GHILQLWLRQ RI SUREDELOLVWLF  GHVLJQ RI QHZ FUDVKZRUWK\
VWUXFWXUHV  QRYHO VWUXFWXUDO FRQFHSWV WR FDUU\ FUXLVH VKLS ORQJLWXGLQDO VWUHQJWK  DGYDQFHG GHVLJQ
V\QWKHVLV DQG DQDO\VLV WHFKQLTXHV DW WKH HDUOLHVW GHVLJQ VWDJH  GHVLJQ WRROV DQG JXLGHOLQHV IRU
DQDO\]LQJDOOK\GURVWUXFWXUHLQWHUDFWLRQSUREOHPVUHOHYDQWWR8OWUD/DUJH&RQWDLQHU6KLSV
'HVLJQWRRO 1HZ PRGHOEDVHG PHWKRGRORJ\ DQG SURFHGXUH RI WKH LQLWLDO DQG EDVLF GHVLJQ FRQWDLQLQJ DOO WKHLQIRUPDWLRQQHHGHG LQ WKHGHVLJQ IORZ RI D VKLS &RPSXWDWLRQDO WRROV IRU WKH RSWLPL]HGGHVLJQ RI
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LQWHJUDWLRQ IXQFWLRQDO IUHHIRUP VXUIDFHV VKLS KXOOV DQG SURSHOOHUV EDVHG RQ WKH H[DFW UHSUHVHQWDWLRQ RI
JHRPHWU\
&RPSHWLWLYH6+,3352'8&7,21
6WUXFWXUDOPDWHULDOV
DQGPDWHULDO
FRPELQDWLRQV
1HZFUDVKZRUWK\VLGHVWUXFWXUHVKLJKWHQVLOHVWHHOOLJKWZHLJKWVDQGZLFKSDQHOV±PRGXOHV
0DULWLPHFRDWLQJVDQG
FRDWLQJVSURFHVVHV
$X[LOLDU\FOLPELQJURERWDQGDQ$XWRPDWLF8QGHUZDWHU9HKLFOH$89XQLWERWKIRU
XQGHUZDWHU VKLSKXOO FOHDQLQJ  LQQRYDWLYH DQWLIRXOLQJ DQGGUDJ UHGXFLQJ VKLSKXOO SURWHFWLYH ILOP
ZKHUHXQIRUWXQDWHO\UHVHDUFKOHGRQO\WRDSURWRW\SHSURFHVVOLQHWHFKQRORJ\ZKLFKVXSSUHVVHGWKH
LQLWLDO VWDJHVRI EDFWHULD IRUPDWLRQ WKDW HYHQWXDOO\ OHDG WR WKH IRUPDWLRQRI IRXOLQJ  FRPSDULVRQRI
H[LVWLQJPDWHULDOVZDVDOVRFDUULHGRXWDQGJXLGHOLQHVIRUWKHDSSOLFDWLRQRIEHVWSUDFWLFHVWHFKQRORJ\
ZKLFKSURSRVHG WKH UHSODFHPHQWRI WKHELRFLGHVZLWKHQ]\PHV LQDQWLIRXOLQJSDLQWV VRDV WREH OHVV
KDUPOHVV WR QDWXUH  RSWLPL]DWLRQ RI PDULQH FRDWLQJ DFWLYLWLHV GXULQJ WKH HQWLUH VKLS¶V OLIH F\FOH
FRQVLGHULQJHFRQRP\WHFKQLFDOSHUIRUPDQFHHQYLURQPHQWDOLPSDFWDQGKHDOWKLVVXHV
3URGXFWLRQHTXLSPHQW
DQGSURFHVVHV
,QQRYDWLYH V\VWHPV IRU ZHOGLQJ RSHUDWLRQV  MRLQLQJ JXLGHOLQHV  PHWDO FRPSRVLWH OLJKWZHLJKW
VDQGZLFKSDQHOVLQWHJUDWHGOLJKWZHLJKWPRGXOHVWRROVIRUKXOOSURGXFWLRQLPSURYHG\DUGORJLVWLFV
HWUDGHDQGHSURFXUHPHQWV\VWHPV
3URGXFWLRQ
RUJDQL]DWLRQDQGFKDLQ
LQWHJUDWLRQ
/DVHU ZHOGLQJ V\VWHPV  WRROV IRU KXOO SURGXFWLRQ LPSURYHG \DUG ORJLVWLFV HWUDGH DQG H
SURFXUHPHQWV\VWHPV
&RPSHWLWLYH/,)(&<&/(6(59,&(6
,QVSHFWLRQDQG
PDLQWHQDQFH
'HYHORSPHQWRIDXWRPDWLFURERWVRUV\VWHPVIRUKXOOLQVSHFWLRQDQGPDLQWHQDQFH
5HSDLUUHWURILWDQG
GLVPDQWOLQJ
2SWLPL]DWLRQ RI WKH RSHUDWLRQV RI D VKLS UHSDLU \DUG  FRPSRVLWH SDFW UHSDLU DQG UHHQIRUFHPHQW 
JXLGHOLQHV IRU D SURWRW\SH GLVPDQWOLQJ VLWH  GHFLVLRQ VXSSRUW V\VWHPV DQG ULVN DQG HFRQRPLF
IUDPHZRUNVIRUWKHRSWLPL]DWLRQRIH[LVWLQJGLVPDQWOLQJSURFHVVHV
/LIHF\FOHDSSURDFKHV +ROLVWLFOLIHF\FOHSHUIRUPDQFHDVVHVVPHQWPHWKRGVDQGWRROVFRPSULVLQJOLIHF\FOHFRVWHQYLURQPHQWDOLPSDFWVDIHW\DQGVRFLHWDOQHHGV
(1
9,
52
10
(1
7
5HGXFLQJ*$6(0,66,216
$OWHUQDWLYHIXHOV
&RQFHSWXDOGHVLJQRI)XHO&HOOVKLSVDQGUHFRPPHQGDWLRQVRIWKHDSSOLFDWLRQRIIXHOFHOOWHFKQRORJ\
RQ FRPPHUFLDO VKLSV  PDULQH SRZHU SODQWV  2QERDUG UHDOL]DWLRQ RI D ZLQGSRZHUHG JHQHUDWRU
FDSDEOHWRKDUYHVWWKHDOWLWXGHZLQGDQGWRHIILFLHQWO\FRQYHUWZLQGSRZHULQWRHOHFWULFDOSRZHU
$IWHUWUHDWPHQWRI
H[KDXVWJDVHV
'HYHORSPHQWV LQ WKHUPRG\QDPLFV DQG PHFKDQLFV RI H[WUHPH SDUDPHWHU HQJLQHV DGYDQFHG
FRPEXVWLRQ HQJLQHV PXOWLVWDJH LQWHOOLJHQW WXUER FKDUJLQJ HQJLQHV ZLWK HQHUJ\ UHFRYHU\ DQG
FRPSRXQGLQJ
/RZHPLVVLRQHQJLQHV
3URWRW\SHFRQWUROV\VWHPVDEOHWRRSWLPL]HHQJLQHSHUIRUPDQFHEDVHGRQXVXDOO\PHDVXUHGRSHUDWLQJ
DQGH[WHUQDOSDUDPHWHUVFRQWUROOHGSXOVHWXUERFKDUJLQJDQGDLULQMHFWLRQV\VWHPVRSWLPL]HGOHLVXUH
ERDWVDQGVKLSHQJLQHVFDSDEOHRIUXQQLQJZLWKKLJKELRIXHOFRQWHQWEOHQGVPDULQHORZVSHHGWZR
VWURNH JDV GLHVHO HQJLQH UHVHDUFK SODWIRUP ZLWK D UHGXFHG HPLVVLRQ IRRWSULQW FRPSDUHG WR SUHVHQW
GLHVHOHQJLQHWHFKQRORJ\
*UHHQVKLSRSHUDWLRQ
6WXG\RIWKHSRWHQWLDOXVHRIPDULQHK\EULGSURSXOVLRQV\VWHPVRQVPDOOYHVVHOV'HVLJQRIDPHGLXP
DQG ORQJWHUP LPSDFW VKLS FDSDEOHRI SURYLGLQJ D IOHHW WKDWPHHWV WKHDQG&2 WDUJHWV
UHVSHFWLYHO\
27+(5(0,66,216IURPZDWHUERUQHWUDQVSRUW
5HGXFLQJDLUERUQHDQG
XQGHUZDWHUQRLVH
1HZWHFKQRORJLHVDQGWRROVIRU ORZQRLVHIHUULHV JUHHQODEHOSURSRVDO LQWURGXFLQJWDUJHW OHYHOV IRU
QRLVHDQGYLEUDWLRQQHZPHWKRGIRUPHDVXULQJWKHQRLVHSURGXFHGE\DSRZHUHGUHFUHDWLRQDOFUDIW
5HGXFHGHPLVVLRQVE\
SDLQWV
1HZ WHFKQRORJLHVSUHYHQWLQJ WKH IRUPDWLRQRI IRXOLQJ QHZSURGXFWV LQ WHUPVRI FRQWURO DQGSDLQW
V\VWHPVVSHFLILFDWLRQDQGPRFNXSRIDFRDWLQJPDQDJHPHQWV\VWHP
,PSDFWIURP:$6+
DQG%$//$67
:$7(5
1HZVRIWZDUHH[DPLQLQJZDYHDQGZDVKFKDUDFWHULVWLFVRI+LJK6SHHG&UDIWVEDOODVWZDWHUWUHDWPHQW
SODQWZLWKPLQLPDOHQYLURQPHQWDOHIIHFWVDGKHULQJWRWKH,02JXLGHOLQHV
(PHUJHQF\
,17(59(17,21
,QQRYDWLYH URERWV RU VKLS FRQFHSWV FDSDEOH RI UHFRYHULQJ RLO WKXV HOLPLQDWLQJ WKH SROOXWLRQ WKUHDW 
V\VWHPV PRQLWRULQJ WKH PDULQH WUDIILF DQG SROOXWLRQ HYHQWV  V\VWHPV SUHYHQWLQJ RLO VSLOODJHV E\
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VWDELOL]LQJ YHVVHOV LPPHGLDWHO\ DIWHU DQ DFFLGHQW  PHWKRGRORJLFDO ULVN DVVHVVPHQW UHJDUGLQJ WKH
GHVLJQRSHUDWLRQDQGUHJXODWLRQRIRLOWDQNHUV
 2SWLPL]LQJ5(6,67$1&(DQG35238/6,21
 5HVLVWDQFHDQGGUDJ
,QWURGXFWLRQ RI DLU FXVKLRQOXEULFDWLRQ WHFKQLTXHV  JHRPHWU\ SURFHVVLQJ WRROV DQG HQKDQFHG &$'
V\VWHPV DEOH WRSHUIRUP VKDSHYDULDWLRQV  QHZFRQWURO DQGSDLQW V\VWHPV LQRUGHU WR LQWURGXFH DLU
OXEULFDWHGVKLSV
(1
(5
*<

3URSXOVLRQ
,PSURYHPHQW RI H[LVWLQJ SURSHOOHUV E\ DGGUHVVLQJ WKH SUREOHPV RI YLEUDWLRQ FDYLWDWLRQ YRUWLFHV
SURSHOOHUKXOOLQWHUDFWLRQHURVLRQHWFPDWKHPDWLFDOPRGHOVIRUWKHRSWLPL]DWLRQRISURSHOOHUGHVLJQ
LQWURGXFWLRQRILQQRYDWLYHSURSHOOHUGHVLJQVFRPELQDWLRQRIH[LVWLQJSURSXOVLRQWHFKQRORJLHVVXFK
DV&/7&57DQGSRGGHGSURSXOVLRQ
(QJLQHVDQG21%2$5'(1(5*<()),&,(1&<
(QJLQHV 1HZ WHFKQRORJLHV RSWLPL]LQJ VSHFLILF HQJLQH¶V SURFHGXUHV DQG IDLOXUH SUHGLFWLQJ V\VWHPV  QRYHOV\VWHPH[SORLWLQJWKHZDVWHKHDWIURPWKHHQJLQHWRSURYLGHUHIULJHUDWLRQDQGFRROLQJ
$OWHUQDWLYHHQHUJ\
VRXUFHVDQGHQHUJ\
PDQDJHPHQW
'HVLJQDQGGHYHORSPHQWRISRZHUSODQWVEDVHGRQPROWHQFDUERQDWH IXHOFHOOV WHFKQRORJ\ HOHFWULF
SRZHU FRPSRQHQW GHVLJQ RQERDUG UHDOL]DWLRQ RI D ZLQGSRZHU JHQHUDWRU  GHVLJQ WRROV DQG
JXLGHOLQHV IRU DQ HQHUJ\ HIILFLHQW RSHUDWLRQRI FDUJR VKLSV *OREDO HQHUJ\ FRQVXPSWLRQ VLPXODWLRQ
V\VWHP
6$
)(
7<
	
6(
&8
5,
7<

'(6,*1IRU6$)(7<
,PSURYHPHQW RI UHILQHG RSWLPL]DWLRQ  IUDPHZRUN FRQWDLQLQJ DOO WKH UHTXLUHG LQIRUPDWLRQ IRU WKH
GHVLJQ IORZ RI D VKLS  GHILQLWLRQ RI SUREDELOLVWLF GDPDJH VWDELOLW\ HQVXULQJ IOH[LELOLW\ LQ GHVLJQ
LQWHJUDWLQJ VXUYLYDELOLW\ LQ WKH GHVLJQ SURFHVV DV D UHJXODU GHVLJQ SDUDPHWHU  RSWLPL]DWLRQ RI
FRPSDUWPHQWVDQGLQWHUQDODUUDQJHPHQWVRISDVVHQJHU5R5RVKLSVWRROVIRUVDIHW\SHUIRUPDQFHSUH
GLFWLRQDQGLQQRYDWLYHVDIHW\FULWLFDOWHFKQRORJLHVIRUWKHDQDO\VLVRIGHVLJQSURSRVDOVDQGFRQFHSWV
FRPSXWDWLRQDO WRROV IRU WKH RSWLPL]HG GHVLJQ RI IXQFWLRQDO IUHHIRUP VXUIDFHV  GHVLJQ WRROV DQG
JXLGHOLQHV IRU DQDO\]LQJ DOO K\GURVWUXFWXUH LQWHUDFWLRQ SUREOHPV UHOHYDQW WR8OWUD /DUJH &RQWDLQHU
6KLSV  QHZ WHFKQRORJLHV IRU LPSURYLQJ WKH GHVLJQ RI VKLS VWUXFWXUHV LQ H[WUHPH VHDV  QHZ
IRUPXODWLRQVIRUWKHFDOFXODWLRQRIWKHVXUYLYDOSUREDELOLW\RI523$;DQGPHJDFUXLVHYHVVHOV
6DIH6+,33,1*
23(5$7,216
1DYLJDWLRQDODQGPDQHXYHULQJDLG VXSSRUW WRRODVVLVWLQJ LQ WKHVHOHFWLRQRI WKHRSWLPXPVHD URXWH
PLQLPL]LQJ DGYHUVH DQGPD[LPL]LQJ EHQHILFLDO HIIHFWV DV VHDSHUIRUPDQFH VDIHW\ TXDOLW\ RI OLIH DW
VHD HWF  VDLO SODQQLQJ V\VWHP WR RSWLPL]H VDLOLQJ WLPH UHGXFH IXHO FRQVXPSWLRQ HPLVVLRQV DQG
PLQLPL]HFRVWVV\VWHPVIRUKDQGOLQJRQERDUGFULVLVVLWXDWLRQVZLWKUHJDUGWRSUREOHPVRQSURSXOVLRQ
V\VWHPVKXOOGDPDJHDQGLQWHQWLRQDOJURXQGLQJV\VWHPVSUHGLFWLQJWKHVKLS¶VPRWLRQDQGFDOFXODWLQJ
WKHULVNRIRSHUDWLQJWKHVKLS LQDJLYHQVLWXDWLRQV\VWHPVFRQWUROOLQJDQGKDQGOLQJYHVVHOV LQFDVH
WKH\EHFRPHGLVDEOHG  V\VWHPVGHWHUPLQLQJRSWLPDO VHWWLQJV IRUPLQLPL]LQJ ULVNV WRERWK VKLS DQG
VHDIDUHU QDYLJDWLRQV\VWHPHVWLPDWLQJWKHULVNRI WUDYHOOLQJLQWRFKDQQHOVHWFPRQLWRULQJV\VWHPV
DVVHVVLQJ WKH GHWHFWLRQ RI SRVVLEOH GHILFLHQFLHV LQ VKLS¶V RSHUDWLRQV  VKLS HYDFXDWLRQ VLPXODWRU 
GHVLJQFRGHVDQGUHJXODWLRQVIRULFHERXQGVKLSVHYDFXDWLRQV\VWHPZLWKLPSURYHGUHVFXHSURFHVVRI
SDVVHQJHU±FUHZVXUYLYDELOLW\ILUHULVNDVVHVVPHQWWHFKQLTXHV
6(&85,7< ,QQRYDWLYHWHFKQLFDOVROXWLRQVIRUWKHPRVWLPSRUWDQWVKLSV\VWHPVDQGWKHLUFRPELQDWLRQLQDQRSWLPDOZD\RQVKLSOHYHO
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 '(&,6,2168332576<67(06
6LPXODWRUIRUVDOYDJHWXJV WRZLQJDLGIRUVDOYDJHWXJV IDWLJXHPDQDJHPHQWWRRONLW IRUXVHE\VKLS
PDQDJHUVVHWRIUHFRPPHQGDWLRQVWKDWPDULWLPHUHJXODWRUVDQGVKLSPDQDJHUVFDQXVHWRLPSURYHWKH
VDIHW\DQGUHOLDELOLW\RIYHVVHOV
,PSURYLQJ
3$66(1*(5
&20)257
1HZ PRWLRQ VLFNQHVV SUHGLFWLRQ PRGHO DORQJ ZLWK UHDOLVWLF VWDQGDUGV IRU PRWLRQ VLFNQHVV DQG
SDVVHQJHUFRPIRUW

7KH WDEOH DERYHSURYLGHV DQRYHUYLHZRI WKH WHFKQRORJ\ ILHOGVZLWKLQPDULWLPH WUDQVSRUW LQZKLFK
VHYHUDOUHVHDUFKHIIRUWVKDYHEHHQXQGHUWDNHQRYHUWKHODVWGHFDGHOHDGLQJWRWKHGHYHORSPHQWRIDVHULHV
RI LQQRYDWLYHSURGXFWV ,W VKRXOGEHQRWHG WKDWPDQ\RI WKH UHVHDUFKSURMHFWV HVSHFLDOO\ WKH LQWHJUDWHG
RQHVKDGDZLGHUIRFXVDQGWKXVFRQWULEXWHGWRVHYHUDOWHFKQRORJLFDOFOXVWHUVDQGVXEFOXVWHUV
7HFKQRORJ\JDSDQDO\VLV
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7KHWHFKQRORJ\JDSDQDO\VLVZDVEDVHGRQWKHGHWDLOHGDVVHVVPHQWRIWKHPDULWLPHWUDQVSRUWUHVHDUFK
RXWFRPHV DV SUHVHQWHG DERYH DQG DLPHG WR LGHQWLI\ WHFKQRORJ\ JDSV ZKLFK UHTXLUH IXUWKHU UHVHDUFK
HIIRUWV WR EH XQGHUWDNHQ LQ WKH QH[W  WR  \HDUV 7DEOH  0DULWLPH 3ROLF\ 6XSSRUW 0$5326
FRQVRUWLXP
7DEOH7HFKQLFDOFOXVWHUDQGVXEFOXVWHUVUHJDUGLQJWKHILYHPDULWLPHWUDQVSRUWUHVHDUFKWKHPHV
7HFKQLFDOFOXVWHUVDQG
VXEFOXVWHUV
7HFKQRORJ\JDSVDQGNQRZOHGJHGHYHORSPHQWQHHGV
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&RPSHWLWLYH6+,33,1*
,QQRYDWLYHVKLS
FRQFHSWV
5DGLFDOO\QHZVKLSFRQFHSWVRSWLPXPLQWHJUDWLRQRIV\VWHPVROXWLRQVDQGWHFKQRORJLHVVKLSFRQFHSWV
UHIOHFWLQJPDUNHWDQGFXVWRPHUQHHGVQHZPHWKRGVIRUWKHDVVHVVPHQWRIWUDQVSRUWHIILFLHQF\VKLSV
ZLWKRXWEDOODVWZDWHULQIRUPDWLRQWRROVDQGWKHLULQWHJUDWLRQ,7VROXWLRQVIRUGLVWULEXWHGGHVLJQ
6KLSSLQJ
RSHUDWLRQVDQGH
0DULWLPH
'66WRFURVVWKHERXQGDU\EHWZHHQDODUPSULRULWL]DWLRQDQGDODUPSUHVHQWDWLRQGXULQJHPHUJHQFLHV
9HVVHO7UDIILF6HUYLFH976WHFKQRORJLHVDQGSURFHGXUHVIRULQWHJULW\RILQIRUPDWLRQUHOLDELOLW\RI
HTXLSPHQW EHWWHU DOHUW V\VWHPV HTXLSPHQW ZLWK D PLQLPDO QHHG IRU VKLSVSHFLILF LQIRUPDWLRQ 
,QWHJUDWHG1DYLJDWLRQ6\VWHPV,16H0DULWLPHLQIUDVWUXFWXUHDQGHQDYLJDWLRQLQLWLDWLYH
6KLSVKRUH
LQWHUIDFHVDQG
SRUWHIILFLHQF\
1HZYHKLFOHYHVVHOFRQFHSWVFDSDEOHRIRSHUDWLRQRQGLIIHUHQW LQODQGZDWHUZD\V   LPSURYHGFDUJR
KDQGOLQJFRQFHSWVLQIRUPDWLRQPDQDJHPHQWV\VWHPVIRUWKHHQWLUHORJLVWLFVFKDLQWDQNFRQWDLQPHQW
V\VWHP GHVLJQ  EHWWHU XQGHUVWDQGLQJ RI ZDYH FRQGLWLRQV IRU )/1* YHVVHOV  LQQRYDWLYH WUDQVSRUW
FRQFHSWVDQGFDUJRKDQGOLQJVROXWLRQVIRU6KRUW6HD6KLSSLQJDQGLQODQGZDWHUZD\VWUDQVSRUWDWLRQ
&RPSHWLWLYH6+,3'(6,*1
'HVLJQWRROVIRU
VWUXFWXUDO
UHOLDELOLW\
6WUXFWXUDOUHOLDELOLW\LQWHJUDWHGGHVLJQVWXGLHVVLPXODWLRQWHFKQLTXHVIRUDOODVSHFWVRIVKLSGHVLJQ
XVHRIVXSHUFRPSXWHUVDQGFRPSXWHU*5,'TXDQWLILFDWLRQRIORDGVDQGULVNVLQLFHLQIHVWHGDUHDV
PHWKRGVWRROVDQGPRGHOVIRUGLVWULEXWHGGHVLJQZRUOGZLGHFDOLEUDWLRQH[HUFLVHVWDQGDUGL]DWLRQRI
WRROVDQGPHWKRGRORJLHV
'HVLJQWRRO
LQWHJUDWLRQ
1HZWRROVDQGIXQFWLRQDOLWLHVWRFRSHZLWKQHZUHJXODWLRQVDQGWHFKQRORJ\RSWLRQVOLIHSURGXFWGDWD
PDQDJHPHQWGLVWULEXWHGGHVLJQSODWIRUPV
&RPSHWLWLYH6+,3352'8&7,21
6WUXFWXUDO
PDWHULDOVDQG
PDWHULDO
FRPELQDWLRQV
'HYHORSPHQWDQG DSSOLFDWLRQRIQHZ VWHHOV  MRLQLQJDVVHPEOLQJ RXWILWWLQJ DQG UHSDLU WHFKQLTXHV 
PDWHULDOVZLWKLPSURYHGSURSHUWLHVDQGDUHGXFHGHQYLURQPHQWDOIRRWSULQWDGRSWDEOHDQGLQWHOOLJHQW
PDWHULDOV DQG VWUXFWXUHV  OLIH F\FOH SHUIRUPDQFH DVVHVVPHQW  GLVPDQWOLQJ UHF\FOLQJ DQG UHXVH RI
PDWHULDOVVSHFLILFPDWHULDOIRUWKHRIIVKRUHUHQHZDEOHHQHUJ\VHFWRU
0DULWLPHFRDWLQJV
DQGFRDWLQJV
SURFHVVHV
'HYHORSPHQWWHVWLQJDQGTXDQWLILFDWLRQRIQHZSDLQWVDQGDOWHUQDWLYHVWRSDLQWVFRDWLQJSURFHVVHVLQ
VKLS\DUGVVWXG\RIWKHSK\VLFDOSKHQRPHQDRIFRUURVLRQSURWHFWLRQDFFHOHUDWHGWHVWSURFHGXUHVIRU
FRDWLQJV
3URGXFWLRQ
HTXLSPHQWDQG
SURFHVVHV
/RZKHDWLQSXWHIILFLHQWDQGORZFRVWZHOGLQJWHFKQLTXHVDGKHVLYHERQGLQJDQGPHFKDQLFDOMRLQLQJ
WHFKQLTXHV  DXWRPDWLRQ RI DVVHPEO\ DQG RXWILWWLQJ SURFHVVHV  IOH[LEOH DQG HDVLO\ DGDSWDEOH
HTXLSPHQWIRUYDULRXVWDVNVDQGJHRPHWULHVPRGXODUGHVLJQIRUSURGXFWLRQQHZSURFHVVFKDLQVDQG
EXVLQHVVFRQFHSWVIRULPSURYHGVSHFLDOL]DWLRQDQGSUHRXWILWWLQJ'PDQDJHPHQWHTXLSPHQW
3URGXFWLRQ
RUJDQL]DWLRQDQG
SURFHVVHV
$GYDQFHGSODQQLQJPHWKRGVIRUVKLS\DUGVORJLVWLFVDQGSURFHVVFKDLQVPHWKRGVSURFHVVHVDQGWRROV
WRH[SORUHSURGXFWLYLW\SRWHQWLDOWRROVIRUVSDFHPDQDJHPHQWDQGRXWILWWLQJSURFHVVHVLQWHJUDWLRQRI
VRIWZDUH WRROV IRU IDFLOLW\DQG UHVRXUFHSODQQLQJH[WHQVLRQRI VWHHOSURGXFWLRQDQGRXWILWWLQJ WRROV
WRZDUGV WKH HQWLUH VXSSO\ FKDLQ DQG WR UHSDLU DQG UHWURILW  IORZ RULHQWHG DSSURDFKHV WR VKLS
SURGXFWLRQRUJDQL]DWLRQ9LUWXDOUHDOLW\PHWKRGVIRUVKLSGHVLJQDQGSURGXFWLRQ
&RPSHWLWLYH/,)(&<&/(6(59,&(6
,QVSHFWLRQDQG
PDLQWHQDQFH
0RQLWRULQJ DQG GLDJQRVLV V\VWHP IRU VKLS HTXLSPHQW  DXWRQRPRXV URERWV DQG UHPRWHO\ RSHUDWHG
YHKLFOHV IRU LQVSHFWLRQ DQG PDLQWHQDQFH  FRQFHSWV DQG VROXWLRQV IRU KROLVWLF DQG SUHGLFWLYH
PDLQWHQDQFH IRUDOO V\VWHPV '66IRU VKLSRSHUDWRUV IHHGEDFNWR VKLSGHVLJQQHZ WHFKQLTXHV IRU
LQVSHFWLRQ PRQLWRULQJ DQG PDLQWHQDQFH  PRQLWRULQJ DQG PDLQWHQDQFH VROXWLRQV WR PHHW QHZ
OHJLVODWRUUHTXLUHPHQWV
5HSDLUUHWURILW
DQGGLVPDQWOLQJ
3ODQQLQJSURFHVVHVDQGWRROVIRUUHSDLUUHWURILWWLQJDQGGLVPDQWOLQJSURFHVVHVUHYHUVHHQJLQHHULQJ
SUHRXWILWWLQJ DQG PRGXODUL]DWLRQ RI QHZ EXLOGLQJ \DUGV  PRGHUQ PHDVXUHPHQW WHFKQRORJLHV DQG
SURGXFWGDWDPRGHOV 3'0 GHVLJQ IRU UHWURILWWLQJ HDV\PDLQWHQDQFH UHF\FOLQJ DQG UHXVH  RYHU
ODPLQDWLRQ RI MRLQWV DQG UHSDLU RI DJHG VWUXFWXUHV  QHZ EXVLQHVV PRGHOV DQG PHDVXUHV IRU ,35
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SURWHFWLRQ  VFLHQWLILF VRXQG JRDO EDVHG ZRUOGZLGH OHJLVODWLRQ IRU VKLS UHSDLU DQG UHF\FOLQJ 
WHFKQRORJ\DQGNQRZOHGJHWUDQVIHUWRZDUGVVPDOOHUVKLS\DUGV
/LIHF\FOH
DSSURDFKHV
3URGXFWOLIHF\FOH3/&PDQDJHPHQWQHZEXVLQHVVPRGHOVDQGMRLQWOLIHF\FOHVHUYLFHVWRLQWHJUDWH
WKHDFWRUVLQGLIIHUHQWOLIHF\FOHSKDVHVPRGHOLQJRIOLIHF\FOHSURFHVVHVFROOHFWLRQRIOLIHF\FOHGDWD
DQGOLIHF\FOHDVVHVVPHQWWRROV
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9,
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7
5HGXFLQJ*$6(0,66,216
$OWHUQDWLYHIXHOV
7HFKQRORJLHVGHDOLQJZLWK/1*UHODWHGFKDOOHQJHVIXOOVFDOHGHPRQVWUDWLRQVRIHQWLUH/1*ORJLVWLFV
FKDLQ   IXHO FHOO WHFKQRORJ\ SURGXFWLRQ DQG LQVWDOODWLRQ RI WKH IXHO FHOO V\VWHP  WHFKQRORJLHV IRU
IDFLOLWDWLQJWKHXVHRIUHQHZDEOHHQHUJLHVHIILFLHQWVWRUDJHV\VWHPV
$IWHUWUHDWPHQWRI
H[KDXVWJDVHV
+HDWUHFRYHU\DQGH[KDXVWJDVFOHDQLQJPRGHOLQJRIWKHVSUD\PL[LQJDQGFRPEXVWLRQSURFHVVLQWKH
HQJLQH6HOHFWLYH&DWDO\VW5HGXFWLRQ6&5VWXG\RIWKHKLJKPDLQWHQDQFHUHTXLUHPHQWVRIH[KDXVW
DIWHUWUHDWPHQWWHFKQRORJLHVVHDZDWHUVFUXEELQJXQGHUVWDQGLQJRIWKHSDUWLFXODUHPLVVLRQVEHKDYLRU
RIKHDY\IXHOHQJLQHVGHVLJQFULWHULDUHJDUGLQJHQJLQHSHUIRUPDQFHDQGLPSDFWRQHPLVVLRQV
/RZHPLVVLRQ
HQJLQHV
7HFKQRORJ\IRUGLVWULEXWLRQVWRUDJHDQGSRZHUSURGXFWLRQRIQHZDOWHUQDWLYHIXHOVFRPSUHKHQVLYH
RYHUYLHZRIQHZ IXHO RSWLRQV  GHYHORSPHQWRIQHZPXOWLIXHO HQJLQHV DQG V\VWHPV PHWKRGVDQG
WRROV IRU HYDOXDWLQJ WHVWLQJ DQG GHPRQVWUDWLQJ WKH RYHUDOO V\VWHP SHUIRUPDQFH RI QHZ GHVLJQV 
LPSURYHGGHVLJQRISLVWRQHQJLQHVDQGLQFUHDVHGUHVHDUFKZLWKLQGLHVHOJDVHQJLQHFRQFHSWV
*UHHQVKLS
RSHUDWLRQ
:HDWKHU URXWLQJ  VORZ VWHDPLQJ VROXWLRQV FRPELQHG ZLWK SRUWSODQQLQJ VROXWLRQV  RSHUDWLRQDO
JXLGHOLQHVIRUHQHUJ\HIILFLHQWVKLSRSHUDWLRQHQHUJ\DQGHPLVVLRQPDQDJHPHQWV\VWHPVVLPXODWLRQ
WRROVDQGSUHGLFWLRQPHWKRGV IRUHYDOXDWLQJ WKHHIIHFWRI WHFKQRORJLHV LQUHDOFRQGLWLRQV PRGHOLQJ
DQGRSWLPL]LQJPDULWLPHWUDQVSRUWV\VWHPVPHWKRGVDQGWRROVIRUVKLS/&$
27+(5(0,66,216IURPZDWHUERUQHWUDQVSRUW
5HGXFLQJ
DLUERUQHDQG
XQGHUZDWHUQRLVH
1RLVH DQG KXPDQ KHDOWK GDPDJHV WR SDVVHQJHU KDUERU UHVLGHQWV DQG FUHZ PHPEHUV  HIIHFW RI
YLEUDWLRQ RQ WKH KHDOWK RI FUHZ PHPEHUV  UHDO WLPH PHDVXUHPHQW LQ RUGHU WR HVWDEOLVK D EHWWHU
RYHUYLHZRI1	9IURPYHVVHOVQHZWHFKQRORJLHVIRUOLPLWLQJWKHYLEUDWLRQIRUSDVVHQJHUV
5HGXFHG
HPLVVLRQVE\
SDLQWV
&UHDWLRQRI SURSHOOHU DQGKXOO IRXQGLQJ GHYHORSPHQW WHVWLQJ DQGTXDOLILFDWLRQRI QHZSDLQWVDQG
DOWHUQDWLYHV  PHWKRGV IRU PHDVXULQJ WKH HIIHFW RI GLIIHUHQW FRDWLQJV DQG RWKHU IXHO UHGXFLQJ
WHFKQRORJLHV
,PSDFWIURP
:$6+DQG
%$//$67
:$7(5
'HYHORSPHQWRIEDOODVWOHVVVKLSVUHGXFWLRQRIZDNH
(PHUJHQF\
,17(59(17,21
5HDFWLRQRIWKHPDULWLPHHQYLURQPHQWRQRLOVSLOOVSUHGLFWLRQRIRLOVSLOOPRYHPHQWVRLOFROOHFWLRQ
LQKLJKVHDDUHDVDQGDUFWLFZDWHUVUHPRYDORIZUHFNVVSLOOUHFRYHU\SUHSDUHGQHVVDQGVKLSWRZLQJ
FDSDFLW\
(1
(5
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
2SWLPL]LQJ5(6,67$1&(DQG35238/6,21
5HVLVWDQFHDQG
GUDJ
9DOLGDWLRQ GDWD IRU IXOO VFDOH &)' SUHGLFWLRQV  PHWKRGV WR UHDOLVWLFDOO\ SUHGLFW RSHUDWLRQDO VKLS
UHVLVWDQFHDQGGHOLYHUUHOLDEOHVWDWLVWLFDOGDWDK\GURG\QDPLFSURSHUWLHVRIFRDWLQJV\VWHPVFRQFHSWV
IRUODUJHRFHDQJRLQJYHVVHOVGHWHUPLQDWLRQRIDSSURSULDWHDLUIORZUDWHVDGYDQFHGPRGHOLQJRIDLU
OXEULFDWLRQ
3URSXOVLRQ
6\VWHPLFDQDO\VLVRISRGGHGSURSXOVRUVV\VWHPLFVWXG\RIJHRPHWU\PRGLILFDWLRQVLQFORVHOLQNZLWK
RSHUDWLQJSURSHOOHUVDGYDQFHGSURSXOVLRQLPSURYHPHQWGHYLFHV3,'UHOLDEOHWRROVWRSUHGLFWWKH
ORQJWHUPHIIHFWVRIFDYLWDWLRQ
(QJLQHVDQG21%2$5'(1(5*<()),&,(1&<
(QJLQHV
6WXG\RIQHZDGYDQFHGFRPEXVWLRQWHFKQRORJLHVVWXG\RISDUWORDGRSHUDWLRQSUHGLFWLRQPRGHOVIRU
WKHPDLQSURSXOVLRQV\VWHPLQFOXGLQJHIIHFWVRIDJLQJIRXOLQJRIIGHVLJQDQGWUDQVLHQWFRQGLWLRQV
HIIHFWV RIZDYHV DQGFKDQJHV LQSURSHOOHU EHKDYLRU  HIIHFWV RIPDQHXYHULQJDQG LFHQDYLJDWLRQRQ
SURSXOVLRQ V\VWHP EHKDYLRU  PHDVXUHPHQW YHULILFDWLRQ RI WKH IULFWLRQDO ORVV LQ WKH SLVWRQ ULQJ
SDFNDJHPRGHOVDQGRIWKHZHDUPRGHOVWHFKQRORJ\DQGXQGHUVWDQGLQJRIKLJKSUHVVXUHJDVRSHUDWHG
WZRVWURNHHQJLQHVGHYHORSPHQWRIHQHUJ\WUDQVIRUPHUVFDSDEOHWRSURFHVVDYDULHW\RIIXHOV
$OWHUQDWLYH
HQHUJ\VRXUFHV
DQGHQHUJ\
PDQDJHPHQW
)XHO WHFKQRORJ\ WR DFKLHYH LPSURYHPHQWV LQ L ZHLJKWSRZHU UDWLRQ LL VWDFN UHOLDELOLW\ RI IXHO
FHOOVLLLFRVWUHODWHGWRHQHUJHWLFRXWSXWDGRSWLRQRIUHIRUPHUWHFKQRORJLHVWRWKHPDULWLPHPDUNHW
JOREDO DQDO\VLV RI HQHUJ\ GHPDQGV  LPSURYHPHQW RI PDULQH HQHUJ\ VWRUDJH WHFKQRORJLHV 
GHYHORSPHQWRIUHOLDEOHFRQFHSWVIRUWKHXVHDQGLQWHJUDWLRQRIDGGLWLRQDOHQHUJ\VRXUFHV
	 6 ( '(6,*1IRU6$)(7<
,PSURYHPHWKRGVWRHVWLPDWHSUREDELOLVWLFGDWDIRUVDIHW\DVVHVVPHQWWRROVWRPRGHOWKHHQWLUHVDIHW\
FKDLQEDVHGRQILUVWSULQFLSOHDQGVWDWLVWLFVQHZFRQFHSWVRIZRUNVKDULQJDQGNQRZOHGJHWUDQVIHU
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VDIHW\ DVSDUW RI OLIHF\FOHGHVLJQ  RSWLPL]DWLRQ VWUDWHJLHV DQG WHFKQLTXHV WR IDFLOLWDWH WKH UHTXLVLWH
EDODQFHEHWZHHQFRVWVDIHW\DQGHQYLURQPHQWDO LPSDFWHQKDQFHGGHJUHHRIUDWLRQDOL]DWLRQERWKLQ
GHVLJQ DQG SURGXFWLRQ  ULVNEDVHG LQQRYDWLRQPDQDJHPHQW  FRQVLVWHQW ULVN EDVHG GHVLJQ DQG ULVN
PDQDJHPHQWOHJLVODWLRQHPEUDFLQJKROLVWLFDOO\WKHFRQFHSWGHVLJQXSWRHQGRIOLIHVWUDWHJLHV
6DIH6+,33,1*
23(5$7,216
,QWHJUDWHG SURGXFWV GHFLVLRQ VXSSRUW V\VWHPV DQG VWDWHRIWKHDUW FRPPXQLFDWLRQ DQG VDWHOOLWH
WHFKQRORJLHV  FRVW HIIHFWLYH DSSURDFKHV WR PDQDJH WKH KXPDQ IDFWRU LQ VKLSSLQJ RSHUDWLRQV 
XQPDQQHGVKLSSLQJRSHUDWLRQVLQSDUDOOHOZLWKHPDULWLPHSUDFWLFHVVXVWDLQDELOLW\LQRSHUDWLRQVDVD
.H\3HUIRUPDQFH,QGLFDWRUV.3,
6(&85,7< &RQFHSWVDQGPHDVXUHVIRU WKHVHFXULW\RI WKHSDVVHQJHUDQGFDUJRRQERDUGDQGLQ WHUPLQDOV DQWLSLUDF\PHDVXUHV
+8
0
$1

'(&,6,21
6833257
6<67(06
6\VWHPLFDQDO\VLV UDQNLQJDQGTXDQWLILFDWLRQRIFULWLFDOKXPDQIDFWRUV LQVKLSRSHUDWLRQGHVLJQRI
VKLSVZLWKUHJDUGWRFRPIRUWDQGVDIHW\RIHOGHUO\SHRSOHWRROVWRDOORZPRUHHUJRQRPLFDQGIDLOXUH
WROHUDQW VKLS V\VWHPV  GHFLVLRQ VXSSRUW V\VWHPV WR PLWLJDWH WKH FRQVHTXHQFHV RI DQ HUURU IXOO\
LQWHJUDWHGZLWKEULGJHV\VWHPVDQGHPDULWLPHVHUYLFHVYDOLGDWLRQRIGHFLVLRQVXSSRUWWRROV
,PSURYLQJ
3$66(1*(5
&20)257
3UHGLFWLYHPHWKRGRORJLHVWRSURYLGHDQLQVWDQWDQHRXVPHDVXUHRIWKHVHYHULW\RULQFLGHQFHRIPRWLRQ
VLFNQHVV DQG IDWLJXH  EHWWHU XQGHUVWDQGLQJ RI WKHPHFKDQLVPVZKLFK JRYHUQ FRPIRUW SHUFHSWLRQ 
GHVLJQFULWHULDUHJDUGLQJWKHQHHGVDQGDELOLWLHVRIDJHGSDVVHQJHUVPDULQHGDWDRQDFRXVWLFV

7KH DERYH DQDO\VLV UHVXOWHG LQ WKH LGHQWLILFDWLRQ RI PRUH WKDQ RQH KXQGUHG  UHVHDUFK DQG
GHYHORSPHQWQHHGVDQGVHWWKHEDVLVIRUWKHLGHQWLILFDWLRQRIIXWXUHUHVHDUFKSULRULW\OLQHVDVZHOODVWKH
UHFRPPHQGDWLRQRIVSHFLILFDFWLRQVIRULPSOHPHQWDWLRQFRPSOHPHQWDU\WRWKHVWUDWHJLFUHVHDUFKDJHQGD
RIWKH:$7(5%251(73
&RQFOXVLRQVDQGUHFRPPHQGDWLRQVIRUIXWXUHPDULWLPHWUDQVSRUWUHVHDUFK
&RQVLGHULQJ WKH DERYH DQDO\VHV ZKLFK SURYHG WR EH D VLJQLILFDQW VWHS IRUPHHWLQJ WKH WDUJHW RI DQ
DSSURSULDWHIXWXUHPDULWLPHWUDQVSRUWSROLF\VSHFLILFUHFRPPHQGDWLRQVIRUUHVHDUFKDFWLRQVZHUHPDGH
x 0RUHIRFXVLVQHHGHGRQWKHLQWHJUDWLRQRIWHFKQRORJLHVWRZDUGVRYHUDOOWDUJHWV
x 7KHSUDFWLFDODSSOLFDWLRQDQGLPSOHPHQWDWLRQRIUHVHDUFKUHVXOWVQHHGVWREHLPSURYHG
x 3URMHFWVZLWKDGHPRQVWUDWLRQSODQFDQKHOSWRGLVVHPLQDWHWKHSRWHQWLDOLPSDFWRILQWHJUDWHGFRQFHSWV
WRHQGXVHUVDQGSURYLGHYDOXDEOHLQSXWIRUUXOHDQGSROLF\OHJLVODWLRQGHYHORSPHQW
x %DVHG RQ WKH FXUUHQW XSGDWH RI 5	' QHHGV D ZHOO IRXQGHG ORQJWHUP URDGPDS LV QRZ XUJHQWO\
QHHGHGIRULPSOHPHQWLQJQHZ5	'WRSLFV
x 7KHSUHSDUDWLRQRI6WUDWHJLF5HVHDUFK$JHQGDVE\(XURSHDQ$VVRFLDWLRQVVKRXOGEHLPSURYHGWKURXJK
D GLUHFW SDUWLFLSDWLRQ RI WHFKQLFDO H[SHUWV IURP PDULWLPH WUDQVSRUW UHVHDUFK DQG LQGXVWU\ 6WUDWHJLF
SULRULWLHVQHHGWREHGHILQHGWRSGRZQEDVHGRQFRPSUHKHQVLYHUHVHDUFKVWUDWHJLHV
x 7KH WHFKQRORJ\ JDS DQDO\VLV IRU (8 SURMHFWV VKRXOG EH XSGDWHG FRQWLQXRXVO\ WR SURYLGH D
FRPSUHKHQVLYHEDVLVIRUHODERUDWLQJIXWXUHUHVHDUFKQHHGVIRUWKHPDULWLPHWUDQVSRUWVHFWRU
$FNQRZOHGJHPHQWV
7KHDXWKRUVWKDQNWKHFRQWULEXWLRQVRIWKH0$5326FRQVRUWLXPDQGWKHKHOSRIWKH(&0$5H[SHUWV

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(XURSHDQ&RPPLVVLRQ:RUN3URJUDPPH&RRSHUDWLRQ7KHPH7UDQVSRUWLQFOXGLQJ
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(XURSHDQ&RPPLVVLRQ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VXVWDLQDEOHJURZWK%UXVVHOV
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